Implication for health policy/practice/research/medical education:
The burden of Hepatitis B virus infection is tremendous in resource-poor countries. Management of the chronic phase of the infection is associated with numerous challenges. An accurate knowledge of these challenges will greatly assist policy makers and researchers in the fight to eliminate this dreaded killer. Chronic infection with hepatitis B virus (HBV) is a global public health problem because of its worldwide distribution and its potential to cause sequelae. HBV is most prevalent in China, South East Asia, sub-Saharan Africa, and the Amazon basin of South America where health care resources are most limited. Numerous challenges exist for effective management of chronic HBV infection, particularly in resource-limited regions. These challenges include lack of accurate prevalence data, absence of a surveillance program, and poor political will of governments in resource-poor countries to enforce effective measures to control the disease. There is a lack of understanding regarding HBV infection by both the general public and health care providers. A better understanding of the pathogenesis and treatment of this condition is necessary. The acute shortage of trained medical manpower necessary for accurate diagnosis and treatment of chronic hepatitis B (CHB) in resource-poor countries is a formidable challenge. The condition is complicated by the continuing efflux of medical graduates from low-income economies to richer countries. The most critical problem in the management of CHB is the high cost of laboratory tests and drugs. Drugs are also not readily available. Other challenges in the management of CHB include stigmatization of patients, co-infection with other viruses, lack of management guidelines, and absence of an effective patient referral system. To address these challenges, governments of resource-poor nations must be committed to budgetary allocation for the implementation of health programs. It is necessary to provide awareness campaigns, health education, proper screening of blood and blood products for transfusion, active screening, intensification of existing childhood immunization, technical and financial assistance from wealthier nations, and implementation of the recommendations outlined in the Global Hepatitis Policy (2010).
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Introduction and Epidemiology
The hepatitis B virus (HBV) has infected approximately 2 billion people worldwide, which represents one-third of the world population. Of these cases, 350 million (5-7% of the world population) are chronically infected (1 (5, 6) . The vertical transmission rate may be lower in Africa than in Asia, partly because of a lower prevalence of hepatitis B e antigen (HBeAg) in African individuals, a major determinant of perinatal transmission (7, 8) .
Nigeria is a sub-Saharan African country with a population of approximately 150.7 million. The population grows by 2.3% annually, the gross domestic product (GDP) is 173.0 billion US dollars, the GDP per capita is 1,118 US dollars, GDP growth is 5.6%, life expectancy is 47.9 years, infant mortality is 85.8 per 1000 live births, and the literacy rate of women aged 15-24 years is 64.6% (9) . It is the largest black nation in the world. The number of people with HBV infection in Nigeria is unknown. However, there have been numerous prevalence studies in various populations in Nigeria. Over 70% of the population shows evidence of past infection with the virus and 7.3-24% of the population has serological evidence of current infection (average 13.7%). Thus, 19 million Nigerians are currently infected and approximately 5 million will die of causes related to HBV infection (10) .
In Nigeria, HBV infection has been studied in several populations (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (Table) . Despite the availability of a safe and effective vaccine since 1982 (22, 23) and its inclusion in Nigeria's national immunization program in 1995, the vaccine only became available to the public in 2004 (24, 25) . Because of this late entry and absence of a national HBV surveillance program, the burden of hepatitis B remains substantial. Most HBV infections in Nigeria occur by horizontal transmission (26, 27) as well as through blood transfusion (27, 28) . A recent study showed that the median overall risk of becoming infected with HBV from a blood transfusion in sub-Saharan Africa was 4.3 per 1000 units (29) . This is a substantial number, as it translates to 28,595 new HBV infections each year. A publication by the US Center for Disease Control(30) and a study in Nigeria (31) implicated injection from untrained community medical providers, body scarification, sharing of sharp body-piercing instruments, sharing of toothbrushes, and uvulectomy as reasons for the spread of HBV (16) . A relatively high prevalence was demonstrated in a group of Nigerian female civil servants, a finding thought to be related to female circumcision. Studies from Northern Nigeria indicate that unprotected sex also plays a role in HBV transmission (21, 32) .
HBV has evolved into at least 8 recognized genotypes, A-H (33) (34) (35) . Extensive investigation of HBV genotypes in Nigeria (36, 37) showed that 95% of cases belong to genotype E. Analysis of HBV subspecies from 2 isolated rural communities in Nigeria revealed that individuals were infected with many different HBV variants (38) . Among the dominant HBV/E strain, variant sharing was extensive, suggesting a very complex pattern of transmission. Numerous HBV strains may have been maintained within the population through socio-cultural practices such as scarification marks, sharing of sharp instruments for body piercing, and the use of non-sterile medical and surgical instruments. These practices have also been associated with HIV transmission in Nigeria (39, 40 sociated with the dissemination of HBV/E in this region of Africa (41, 44) . In addition, such massive introduction and the relatively recent expansion of HBV/E in Africa indicate a significant shift in HBV/E epidemic dynamics in Africa over the past century (38) . In the past decades, substantial improvement in the understanding of HBV biology, host immune responses, and natural disease course, combined with the recent availability of highly sensitive HBV DNA assays and the advent of effective antiviral drugs with different mechanisms of action, have led to better therapeutic strategies for treating CHB infection. Given the high endemicity of HBV infection, African countries have the greatest opportunity to benefit from these advancements. Unfortunately, these countries have not taken advantage of these opportunities. The objective of this review is to highlight the challenges in the management of CHB infection in Africa, using the situation in Nigeria as an example.
Lack of Accurate Statistics Regarding the Burden of HBV Infection
CHB infection is largely asymptomatic; thus, accurate assessment of its prevalence is not possible unless all members of a population are screened. The HBV disease burden as outlined by the WHO is sufficiently startling to prompt a public health response. Mortality estimates are conservative and based on cancer incidence from registries (45) . In Africa, there are few high-quality registries; and the majority of them only record cases in cities, whereas hepatitis B prevalence is often highest in rural areas. The extent of the CHB situation in African countries was conveyed in the Global Policy on Viral Hepatitis published in 2010 by the World Hepatitis Alliance (WHA). This policy is the product of a study conducted by the WHA on behalf of the WHO across all 193 member states of the WHO. The study examined policies and programs aimed at preventing and controlling viral hepatitis and areas in which the WHO may be able to assist (46) . As revealed by the report, disease surveillance for hepatitis B is present in a total of 82% of countries in the world. This ranges from an average of less than 60% in Africa and South-East Asian regions to 90-100% in the Americas, Europe, and the Eastern Mediterranean (46) . Sixty nine percent of the population of low-income countries live in areas that report no provisions for the surveillance of hepatitis B infection in any form. In Nigeria, there is practically no surveillance program in place for HBV infection. In 71% of countries in Africa, no prevalence estimates are available (46) . Accurate data on the prevalence of hepatitis B are extremely difficult to obtain in Nigeria and most African countries.
Public Awareness and Education
Most patients with CHB have few or no symptoms; thus, these individuals remain undiagnosed. Detection of asymptomatic individuals requires active screening programs. In low-prevalence areas of the world such as the USA, specific groups of individuals are considered to be at high risk of infection and are, therefore, recommended for screening. These include persons born in endemic areas, men who have sex with men, injecting drug users, dialysis patients, HIV-infected patients, pregnant women, families/households of infected persons, and individuals who have sexual contacts with infected persons (47) . For areas of high endemicity such as Nigeria, every individual is at risk because he/she is born or lives in a highly endemic area. Awareness among the general population is quite low in Nigeria as well as in most countries in subSaharan African. Of greater concern is the lack of proper education and awareness among health care providers, including doctors. This is because CHB is a disease that requires adequate explanation, counseling, and individualized assessment for successful anti-HBV therapy. The Society for Gastroenterology and Hepatology in Nigeria identified this lack of knowledge among health care providers and took a positive step towards addressing the situation by publishing the first edition of a treatment guideline for Hepatitis B and C in Nigeria in 2009 (10) . The circulation of this document needs to be widened so that doctors and other health workers will begin to implement the guideline provisions. Stigmatization is a formidable problem in the management of CHB in Africa. There is a significant amount of ignorance in the populace regarding the causes, transmission, and clinical course of HBV infection. Many people believe that there is no treatment for HBV infection. The stigma of being recognized as a HBV-infected person may provoke a feeling of shame in the community. In Nigeria, there have been cases of undergraduates being sent away from school by university authorities because they tested positive for hepatitis B surface antigen (HBsAg). This author has had reason to intervene in such cases by writing to the authorities of the universities and educating them on HBV infection, what causes it, how it is transmitted, the implications of a positive HBsAg test, and that an HBsAg-positive student does not constitute a health risk to fellow students. Transmission requires exchange of body fluids or very close and intimate physical contact such as sexual intercourse. There have also been cases of job loss and other forms of discrimination against individuals with HBV infection. These rights abuses often occur in underdeveloped societies where the victims lack the capacity to seek redress; and even if they attempt to seek redress, the cost of justice are typically not within their reach.
Another challenge for Nigerian patients is that they do not understand the phases of CHB infection and that not all phases require immediate treatment. Even after explanation, many patients find it difficult to understand why an infection should not be treated as soon as it is detected without waiting for clear indications for treatment. Physicians typically spend a significant amount of time attempting to increase the patient's understanding regarding this point. Occasionally, patients suspect a lack of understanding of the disease by the doctor.
Personnel
The doctor-to-population ratio in Nigeria is 3 per 10,000, compared to that of the USA which stands at 26 per 10,000. There is an acute shortage of gastroenterologists, hepatologists, and anatomical pathologists in Nigeria. The country has a population of over 150 million, but has less than 40 hepatologists to care for patients with CHB (estimated to be approximately 19 million in Nigeria). One factor responsible for this situation is what is known as the "brain drain". An estimated 13,272 physicians trained in Sub-Saharan Africa are practicing in Australia, Canada, the UK, and the USA (48) . Approximately one-third of medical graduates from Nigerian medical schools migrate within 10 years of graduation to Canada, the UK, and the USA (49) . The small number of gastroenterologists/hepatologists in Nigeria practice in large cities, while most patients with CHB live in rural areas. Liver biopsy is a critical procedure in the evaluation of patients with CHB. Information obtained from this examination is very useful in making decisions regarding treatment as well as determining prognosis. The number of doctors trained in this procedure, and more importantly, the number of specialists trained to interpret the findings is very low in Nigeria. Newer modalities of investigation that can be used to non-invasively diagnose liver fibrosis are not yet available in most African countries, and where they are available, most physicians can only differentiate mild fibrosis or no fibrosis from severe fibrosis (50).
Referral System
An effective referral system for patients does not exist in most African countries. In Nigeria, most people with CHB live in rural areas where facilities for performing simple tests for CHB are not available. Health facilities in rural areas are not capable of conducting the HBsAg test. Even when patients manage to undergo the test and are given a positive result, the attending health workers may not be adequately informed regarding the implications of a positive test and subsequent steps to follow. Some believe that there is no treatment for HBV infection. Most patients lack the financial resources to attend larger hospitals located in cities for proper evaluation. Even when the finances are available, they may not appreciate the need for a more aggressive search for a solution because they are largely asymptomatic. This explains why most Nigerian patients with HBV infection present with decompensate cirrhosis, liver failure, and HCC. Studies have shown that if primary care specialists are provided with guidelines for referring CHB patients to specialists, the number of patients receiving specialist care increases (51).
Lack of Diagnostic Facilities
CHB is an expensive disease to manage. Evaluation of a patient involves collecting a thorough history, detailed physical examination, and laboratory tests. These tests include serological viral markers, biochemical tests to assess hepatic injury, hormone assays, hematological tests, imaging studies, molecular biological studies (HBV DNA viral load assessment), and liver biopsy. These tests must be performed during initial assessment and treatment monitoring and at post-treatment follow-up. Many laboratories in Nigeria, including those in the teaching and specialist hospitals, can only conduct HBsAg screening. Other serological evaluations such as hepatitis B e antigen (HBeAg), hepatitis B e antibody (HBeAb), hepatitis B c antibody (HBcAb) (IgM, IgG), and hepatitis B s antibody (HBsAb) are often not conducted because of a lack of facilities and reagents. Currently, less than 6 centers in Nigeria are able to offer HBV DNA viral load measurements. Patients must travel hundreds of kilometers to such centers in order to undergo the test. The cost of these tests, particularly HBV DNA viral load assessment, is highly prohibitive. Few patients are able to complete all required tests for treatment initiation and monitoring. Testing and vaccination for hepatitis A virus (HAV) is standard practice for all patients with CHB infection, because HAV infection is recognized as a cause of flares in CHB. In most African countries, including Nigeria, there are typically no facilities for such testing and the vaccine is largely unavailable. Quality assurance in medical laboratories is a major issue in resource-poor countries. Prolonged power outages are frequent in Nigeria, which adversely affects reagents stored in refrigerators. CHB patients in Africa are largely HBeAg-negative. Therefore, absence of HBeAg should not limit the treatment of African patients. Most of what is known regarding HBV in Africans has been derived by extrapolation from studies done in Western countries and Asia. The exact duration of the immune tolerance phase in Africans is not clearly known. Treatment of HBeAg-negative CHB patients is more difficult than treatment of HBeAg-positive CHB patients. Because of the high cost of virological tests, doctors frequently resort to liver biopsies to make treatment decisions.
Problems with Treatment
The most critical challenge in treating CHB is the high cost of medical care and antiviral drugs. The absence of an effective health insurance program with adequate coverage in Nigeria further compounds the problem. Patients must pay out-of-pocket at the point of service delivery, and very few persons are able to afford treatment. The result is that the majority of Nigerian patients diagnosed with CHB have not been properly evaluated and are not being treated. Pegylated interferon has a finite duration of treatment, and the patients do not become resistant. However, the cost of this treatment is not within the reach of most Nigerian patients. Monitoring which has to be instituted when a patient is on interferon therapy is another challenge. Frequent unpleasant side effects are responsible for discontinuation of the therapy in some patients. Nucleoside/nucleotide analogues are not Chronic Hepatitis B Nwokediuko SC as expensive as pegylated interferon, but the end-point of treatment has not been determined. In Nigeria, there is indiscriminate use of lamivudine because of lack of effective control. Some patients place themselves on this drug without proper evaluation. Thus, resistance to lamivudine is likely to be very high. Other nucleoside/nucleotide analogues (tenofovir, emtricitabine, and entecavir) are very expensive and largely unavailable in Nigeria.
Co-Infections

HBV-HDV
The hepatitis D virus (HDV) is a defective virus with a circular RNA genome and a single structured protein, the hepatitis delta antigen. HBV has been shown to be important for HDV assembly and propagation. The distribution of HDV infection in Africa is not clearly known. In Nigeria, despite the availability of robust literature regarding the prevalence of HBV, there is little published work on HDV. Few studies have been published on HDV in Nigeria (52) (53) (54) , and much remains to be understood regarding its distribution. HDV testing is not routinely available in most health institutions, including teaching hospitals. Thus, it is not usually factored into the management of patients with CHB, particularly, if hepatitis is present in the face of little or no HBV DNA (low viral load) in HBsAgpositive patients. Treatment of HDV infection requires interferon, which is expensive, requires close monitoring, and causes many significant side effects. More readily available and affordable nucleoside/nucleotide analogues are not used.
HBV-HCV
Infection with HBV and HCV may occur, as these two viruses share similar risk factors and transmission modes. As a consequence, co-infection with these two viruses occurs frequently, particularly in geographic areas where both viruses are endemic. Problems encountered in managing co-infected patients are considerable because two viruses are involved and viral load monitoring during treatment is necessary to determine which of them is dominant. This has obvious cost implications.
HBV-HIV
Since HBV and HIV share common routes of transmission, the prevalence of hepatitis B markers (HBsAg and HBcAb) in HIV-infected patients is remarkably high. Around the world, 90% of HIV-infected persons have biological signs of prior HBV infection (defined by the presence of HBcAb) and 5-15% have a chronic infection (defined by the presence of serum HBsAg) (55) . In Africa, where HBV endemicity is high (> 8%), most HBV infections occur within the first 5 years of life through close contact within households and medical or cultural procedures, e.g., scarification and tattoos (56) . In these settings, the prevalence of HBV infection is often close to 15%, regardless of HIV-co-infection (57) . In the era of broad-use of combined antiretroviral therapy (cART), the mortality and incidence of AIDS-defining diseases have dramatically declined (58) . Liver diseases, particularly those associated with HBV, have consequently emerged as a major cause of morbidity and mortality in HIV-infected persons (59) (60) (61) . Persistent HBeAg reactivity and persistently high levels of HBV DNA have been associated with increased progression of hepatitis B in HIV-co-infected persons (60) . Thus, therapeutic inhibition of HBV replication may be beneficial, even if only for liver disease evolution. However, the restoration of innate and adaptive immunity may be associated with flares of necroinflammatory activity in the liver (62) .
There have also been instances of triple infection with HIV, HBV, and HCV (59) and quadruple infection with HIV, HBV, HCV, and HDV (63) . Similar combinations of infections may exist in resource-poor countries, but the necessary laboratory support for diagnosing and monitoring such patients is typically lacking. The availability of nucleoside/nucleotide analogues with dual activity against HIV and HBV has initiated a transition in the paradigm of HBV treatment in the context of HIV, along with many advantages and drawbacks. The use of drug combinations (emticitabine/tenofovir) and of dual activity drugs (tenofovir, lamivudine, and emtricitabine) help to simplify both HIV and HBV management, but the onset of resistance warrants a strict viral follow-up. The incidence and spread of lamivudine-resistant and vaccine-escape HBV mutants is a major public health issue (57) .
HBV and HCV screening is included as part of the initial clinical and biological guidelines recommended by the WHO when initiating antiretroviral therapy (64), but is not often applied in resource-poor countries due to financial constraints. In HBsAg-negative patients, immunization is strongly advised, but the late stages at which HIV infection is diagnosed and the cost of immunization which has to be borne by the patient limit efficacy in resource-poor countries. When HIV-infected patients are diagnosed with CHB, a first-line AIDS-associated retrovirus (ARV) regime should include lamivudine and tenofovir, as recommended by the WHO (65) . In resource-poor countries, access to tenofovir remains problematic, and if contraindicated, other treatment options are typically unavailable. Broader and cheaper access to HBV screening and first-line tenofovir-containing therapy should be advocated to prevent the emergence and spread of drugresistant strains (57, 66) .
Transmission of HBV from mother-to-child (HBV-MTCT) is prevented by administration of hepatitis B immunoglobulins (HBIgs). The high cost of HBIg makes its use in resource-poor settings a large problem. Furthermore, because HBV DNA levels are often very high during HBV-HIV co-infection (67, 68) , the use of HBIg may also fail. Lamivudine is useful in preventing HBV-MTCT (63), but better results are obtained when combined with HBIg; however, this in not practical in resource-poor settings. Concern has also been raised with regard to the increasing prevalence of HCC following broader access to ARVs.
Chronic Hepatitis B Nwokediuko SC
Early diagnosis and treatment of HCC is unfortunately difficult in resource-limited settings. Other challenges faced not only by resource-poor countries but indeed the entire global community in the management of HBV infection include: Genotype and mutations of the HBV genome (63, 67) . This problem is exacerbated because in HIV-HBV co-infection, long exposure to nucleoside/nucleotide analogues that have been largely used to treat HIV enhances the opportunity for mutations to occur.
There is need for new viral markers in addition to HBV DNA. Treatment with potent drugs such as tenofovir leads to profound suppression of HBV DNA, but there is still a risk of developing cirrhosis and end-stage liver disease (ESLD). The covalently closed circular DNA (cccDNA) molecule is an interesting marker that may correlate better with treatment efficacy (69, 70) . In addition, the plasma HBsAg concentration has been shown to be an accurate predictor of HBsAg seroconversion and HBV clearance (71) . In the context of HIV where nucleoside/ nucleotide analogues are more frequently used, HBsAg quantification may help tailor HBV treatment more precisely and assist in early detection of non-responding patients whose anti-HBV treatment may consequently be more rapidly maximized.
Way Forward
Health Education/Awareness Campaigns should be directed at the general populace and health care workers. For the general populace, it is important to understand HBV, how it is transmitted, its clinical course, and its complications. Specific high-risk practices such as body scarification, sharing of sharp instruments for body piercing, and unhealthy medical instrumentations should be discouraged. This is the best way to promote prevention measures. For health care workers, significant training must be conducted to increase their knowledge base and correct erroneous ideas regarding hepatitis B.
Thorough screening of blood and blood products prior to transfusion must be ensured in all health institutions. Effective referral systems for the care of HBV-infected patients should be established since most laboratory tests and treatments require experts.
Because of the large reservoir of asymptomatic infections in high prevalence areas, screening is the only way to identify these patients. People in these areas should take advantage of opportunities for screening whenever they visit a hospital for any reason. Other occasions when screening can be instituted include prior to blood or organ donation, during school enrolment, military service, pre-employment, routine medical examination, and as part of medical insurance. Governments should make screening free and there should be an adequate management plan for those who test positive and vaccination of those who test negative. Existing childhood immunization programs should be intensified to improve coverage. The importance of this approach is illustrated by the experience in Taiwan (72) .
Guidelines for primary care physicians should be published and existing ones should be updated to keep physicians informed on changes in CHB management. In regions in which there have been substantial investments in services to deliver HIV treatment (courtesy of donor agencies), existing facilities and staff could be expanded to incorporate HBV mono-infected individuals. As done in case of HIV/AIDS, efforts can be devoted to negotiating affordable drugs and establishing reliable supply chains. Pharmaceutical companies that produce anti-HBV drugs or HBV assays should lower the price of their products. Companies should provide support in the form of research/educational grants and continuing medical education programs for primary care physicians, internists, and gastroenterologists in capacity building. Technical and financial assistance should be provided by wealthier nations of the world for screening, monitoring, and drug treatment of CHB. All recommendations of the Global Hepatitis Policy should be immediately implemented. Health insurances should be strengthened in scope and content, e.g., diseases such as CHB should be included. An adequate number of laboratories should be established and located in such a way that patients will not have to travel long distances for laboratory tests. More hepatologists, pathologists, and allied staff should be trained. Centers of excellence for Liver/Digestive diseases should be established. In such centers, resources can be pooled for effective service delivery, research, and training. Such centers will aim at starting liver transplant programs in reasonable time.
